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FCC 


BEGINS TO EXAMINE 


The 


COMPUTER / 


COMMUNICATIONS 
INTERDEPENDENCE 


Western Union recently participated in a Federal 
Communications Commission Inquiry which may 
have landmark significance. Other participants in- 
cluded а broad spectrum of representatives from 
the commercial, government, and academic sec: 
tors. The Inquiry is designed to illuminate and ex- 
plore regulatory and policy problems presented by 
the interdependence of computer and communica: 
tion services and facilities. Those affected by the 
outcome of this and subsequent related inquiries 
may be the domestic and international common 
carriers, computer equipment manufacturers, of- 
ferors of time-shared computing services, and the 
general user of common carrier data communica 
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by T. F. McMains 
Vice President— Business Relations 


tions services. 


The regulatory and policy problems which con 
сет the FCC spring from two key facts: 

(a) Modern stored program general purpose 
digital computers can be used as communi. 
cations control devices—in message 
Switching and circuit switching applications. 
Additionally, the traditional functions of 
data processing can be performed at the 
same time, on the same machine. 

(b) Modern general purpose digital computers. 
сап be connected on-line to common carrier 
data communications facilities. Thus, with 
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the support of the common carrier commu: 
nication facility, an entrepreneur can offer, 
"for hire," remote time-shared data pro- 
cessing and information retrieval services. 
This convergence of communications with com- 
puters leads to some interesting consequences, 
Since the same computer can be used as both a 
Communications switch and a data processor, a 
non-regulated entity offering communications 
linked processing services is in a position to per- 
form, concurrently, communications switching 
services for his subscribers—a traditional common 
carrier function. Conversely, the common carrier 
who avails himself of modern computer technology 
to provide computerized switching, is in a position 
to concurrently sell data processing services. 


The Big Issue—to Compete or Not 


The mechanism therefore exists for the com- 
munications carrier and non-regulated entities to 
compete іп a regulated field—communications, 
and in а non-regulated field—data processing. 


Thus, the first potential problem area manifests 
itself, Should this competition be permitted or 
not? Are these new activities adequately covered 
by existing legislation and legal precedent? Is 
there now a blurring of the distinction between 
regulated and non-regulated activities as defined 
by Title Il of the Communications Act of 19347 
These are the regulatory problems of concern to 
the FCC. 


А second problem area concerns policy matters 
—of the FCC and of the common carriers. The 
issues here relate to policies on matters such as 
accounting procedures, rate making, tariffs, and 
service offerings. Do these policies, as currently 
practiced, have the potential for inhibiting effec- 
tive competition and growth in the field of the 
communications-related data processing industry? 

A third area of interest emerging from the 
relationship between computers and communica- 
tions is the possible misuse of computerized data 
bases linked to communications channels. These 
may contain large amounts of personal and com- 
mercial information such as credit status and 
corporate accounts. Does this centralization of 
information lead to a potential invasion of per- 
sonal and corporate privacy which would be in- 
consistent with the goals of a free society? Can 
this privacy be safeguarded adequately? 
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Is Change Needed? 


In recognition of these three major issues: 
adequacy of existing regulation, carrier and Com- 
mission policies, and privacy, the FCC Computer 
Inquiry was initiated. The Notice of Inquiry, issued 
in November 1966, contained 10 specific ques. 
tions bearing upon the future direction of the 
communications-related data processing industry. 
In condensed form, these ten inquiry items are: 

Item A: Describe the uses, current or contem. 
plated in the next decade, of computers and 
communication channels and facilities for mes- 
sage or circuit switching, data processing, in- 
formation retrieval, and combinations of these 
services. 

Item B: Describe the basis for and the struc- 
ture of charges to the customers for the services 
listed in A above. 

Нет C: Under what circumstances, if any, 
should any of the services in A be deemed subject 
to Title Il of the Communications Act of 1934, 
when (a) involving the use of communications fa- 
cilities, when (b) furnished by a communication 
‘common carrier, when (c) furnished by a non. 
carrier? 

Item D: Assuming that any of the services in 
A are subject to the Communications Act, would 
it be in the public interest that these services 
evolve in а free competitive market? If so, are 
changes in existing law required? 

Item E: Assuming that any of the services in 
A are not subject to regulation under the Com- 
munications Act, is it in the public interest that 
they be regulated by an appropriate government 
authority? М зо, what should be the nature of 
such legislation? 

Item F: Are the existing regulatory procedures 
of the Commission consistent with insuring fair 
competition between the common carrier and the 
non-carrier in the sale of computer services in- 
volving communications? 

Нет G: Are the rate structures and practices 
contained in the existing tariff schedules of the 
‘common carrier compatible with the present and 
anticipated requirements of the computer industry 
and its customers? 

Нет H: What new common carrier tariff offer- 
ings or services will be required to meet the 
present and anticipated needs of the computer 
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industry and its customers? 

Item |: In what respect are the present day 
transmission facilities of common carriers inade- 
quate to meet the requirements of computer tech- 
nology—including those for speed and accuracy? 

Item J: What measures are required by the 
‘computer industry and common carriers to protect 
the privacy of data stored in computers and car- 
ried over communication facilities? 

M we take an overview of these ten Inquiry 
Items а pattern emerges: Item A is essentially 
factual in nature. It seeks information in two 
‘areas—(a) technology, or how computers and 
communications are configured to perform a 
given service, and (b) the market place, or the 
Present and future market significance of these 
Services. Item B asks for pricing information соп. 
cerning these services. 

Items С through E are concerned with the 
‘Scope of existing legislation and its impact upon 
the growth of the communication and data ргос- 
‘essing industries. These items are also aimed at 
resolving the extent to which competition is desir. 
able in the communications-linked data processing 
industry. 

Items F and G refer to potential policy problems 
emanating from the existing procedures of the 
Commission and the carriers. The thrust of these 
items is to determine Й these present policies 
inhibit growth and competition within the com 
 munications/data processing industry. 

Items H and | are designed to determine if the 
‘common carrier service offerings and transmission 
plant are keeping pace with the needs of the data 
processing industry. 

The intent of Item J, the privacy question, is 
self explanatory. Although it is in a sense unre- 
lated to the nine previous regulatory and business 
Oriented questions, it still addresses itself to a 
very important philosophical problem which may 
affect the direction and growth of the communica. 
tions-related data processing industry. 


The Law is Adequate 

Western Union's approach to the key regulatory 
questions (Items C, D, E) is that no changes аге 
required in the Communications Act ої 1934 to 
encompass the services listed in Item A. Our po- 
sition is that data processing and information 
services do not fall within the scope of the Com- 
munications Act and that moreover they should 
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remain unregulated. On the other hand, communi 
cations services (including message and circuit 
switching) should remain regulated in accordance 
with already established legal precedents. With 
respect to a computer data processing offering 
which also provides а communications service, 
our position is that—if this service is provided on 
а “for hire" or "holding out" basis, then the 
communication portion of the package is subject 
to regulation. 


In developing this position we pointed out that 
there is no essential difference in function between 
ап electromechanical switch and the computer 
Switch. The general purpose computer used as a 
switch is the logical evolution from the electro. 
mechanical system, in step with the evolution of 
technology. In fact, the computer merely replaces 
оп а one-for-one basis, electromechanical logic 
and storage elements with computer program 
logic and computer peripheral storage. The im 
portant fact is that the law requires the regulation 
of а communication service offered "for hire,” 
whether it is implemented by a computer or any 
other piece of hardware. 

Since the same computer operating in a multi- 
programming or multi-processing mode can con- 
currently perform communications switching as 
well as what we know today as “data processing”, 
it was necessary to define the difference between 
these two functions. The resolution of this differ- 
ence is required because the Communications Act 
requires regulation by the F.C.C. of the communi- 
cations service but exempts from regulation non- 
‘communications services, even though both may 
be performed in the same computer or device. 


Functions are Different, Separable 


А communication function may be said to take 
place if intelligence or information (e.g. a string of 
alphanumeric characters) is transmitted by wire 
or radio between two points without any change 
in the semantic content. If on the other hand a 
computer changes or transforms semantic con- 
tent (e.g. conversion of hours worked to a pay 
check), then a data processing function has taken 
place. We then stated that it is possible to sep 
arately identify these two functions—communica. 
ions switching and data processing, and that no 
problem exists in applying existing regulation to 
а communications service implemented by a com- 
puter which is simultaneously being used to ren- 
der data processing services. 
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Our answers to the policy oriented Inquiry Items 
(F and G) were consistent with our stand that no 
changes in existing legislation are necessary. We 
believe that existing procedures for the regulation 
of activities within the Commission's jurisdiction 
are generally adequate at present. However, re- 
‘examination of some specific policies, such as rate 
making, may be required in order to achieve fair 
and effective competition in the sale of "non- 
regulated” computer services involving communi- 
cations. 


Confident of Carrier Capability 


In responding to Item H (New Common Carrier 
Offerings) we described our existing plans for the 
Western Union Integrated Message/Data System 
and cited some of the computer communications 
needs which it will support. We also listed some 
services which would probably be required in the 
future such as: lower cost service to interactive 
time sharing users, broader range of transmission 
speeds, bulk data transfer service, and ultra-high 
speed burst transmission. 


Мет | (Adequacy of Transmission Facilities) 
permitted us to comment on the status of the 
total common carrier transmission plant and to 
indicate the direction of technological innovation. 
Our position here is that the existing predom. 
inantly analog transmission plant, (one based on 
frequency division multiplex and linear repeaters) 
when used with off the shelf error detection and 
control techniques, is adequate for the majority 
of data communication users with respect to the 
criteria of speed, adequacy, and availability. We 
recognize that a digital transmission plant (one 
based on time division multiplex and non-linear 
regenerative repeaters) will probably be more cost- 
effective for future needs. We believe that Western 
Union, whose existing transmission plant is pre- 
dominantly conditioned for data, is in an excellent 
position to evolve to pure digital facilities in step 
with technological developments and as user needs 
crystallize. 


On the issue of privacy (Item J) we described 


the procedures that can be taken to protect the 
unauthorized access of computer stored informa. 


tion. Existing hardware and software techniques, 
supplemented by physical surveillance of the user 
terminal and the computer terminal areas, offer 
means for adequate protection of information. For 
example, appropriate computer software, coupled 
with a system of passwords known only to author- 
ized users, can effectively curtail unauthorized 
access from remote locations. At the computer 
area careful screening of operating personnel and 
Physical surveillance will be required. In many 
respects the protection of computerized informa- 
tion is rendered more manageable than protecting 
information stored in conventional letter files. The 
very fact that data are stored in magnetically 
coded regions on tapes and drums makes un- 
authorized retrieval all but impossible except by 
highly trained intruders with an intimate knowl- 
edge of the computer operating system. 


Concerning the necessity for new legislation 
which might be required to maintain privacy, we 
feel that а Congressional investigation addressing 
itself to all facets of the personal and corporate 
privacy question would be the appropriate forum 
for developing the requirements for any new legis- 
lation. 


Analyses of Responses Underway 

These are the Western Union positions in the 
‘Computer inquiry. Now that all the Responses are 
filed, we await with interest the FCC's reaction to 
the issues which we have discussed. As of the 
March 9, 1968 filing date, responses from fifty- 
eight organizations have been received and must 
be evaluated by the Commission, These responses 
account for several thousand pages of testimony 
and represent a spectrum encompassing common 
carriers, equipment manufacturers, data process- 
ing service organizations, trade associations, edu- 
cational institutions, major corporate users of 
computers and communications, and government 
agencies. 

Concurrent with the FCC internal evaluation 
activity, we at Western Union are also reading 
and analyzing the other responses. In addition to 
assessing the impact of the Inquiry upon our cur- 
rent business operations, we look forward to 
deriving useful information to aid us in continuing 
to serve the data communications public. в 
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Measurement == Analysis 


of 


Impulse Noise 


for 
Communications Circuits 


By A. J. Seedman 


Many studies made of impulse noise in communications systems indicate that the 
amplitude distribution curve follows a hyperbolic law. In practice, measurements of im- 
puise noise in communications circuits are made with an impulse counter which has 
inherent limitations which alter the form of the amplitude distribution curve. These limita- 
tions are overcome in а new technique of measurement and analysis proposed by Western 
Union. Measurements of noise made on long distance circuits are used to derive an em- 
pirical equation of the form y-ax. The equation shows that a rate of 90 counts/half hour 


‘can be taken as the criterion; and the shape of the amplitude 
defined by measuring the 90 count level and a few points 


While error-free communication is virtually un- 
obtainable in communications systems, great 
strides have been made in reducing the causes of 
опе source of error, impulse noise. Western Union 
recognizes the need to reduce impulse noise in 
high speed data transmission and consequently 
has conducted a survey of the noise at numerous 
transmission facilities. From this study a new tech- 
nique of analysis has been developed which can 
be applied to the construction of an impulse noise 
тар, which can be used to more readily identify 
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distribution curve can be 
bove and below this level. The 
‘which can be used to locate 


the critical areas of noise. This map will be located 
at the new Technology Center in Mahwah, N. J. 
It will provide a geographical display of the im- 
pulse noise between any two points in the system. 

This article points out the fact that а 3 point 
measurement of impulse noise satisfactorily de- 
fines the amplitude distribution. An empirical 
equation derived from the test data validates the 
fact that 3 points, properly selected, are sufficient 
to determine the knee of the curve of amplitude 
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Impulse Noise 


Impulse noise may be defined as a series of 
isolated pulses of very short duration. The com- 
ponent frequencies are so phased, with respect 
to each other, that their amplitudes add arithmeti- 
cally at the instant of occurrence of the pulses. 
Impulse noise reaching a receiver may have pulse 
widths from microseconds to full bit widths, de- 
pending on where the noise was introduced and 
the modifying effects of the transmission circuit. 


In practice a signal becomes an impulse when 
it is received as an isolated short burst. The дига- 
tion of an impulse is short compared with receiver 
response time or with the reciprocal of the limiting 
receiver filter bandwidth. 


The time and frequency domain, or spectrum, 
of an impulse are shown in Figs. Та and 1b respec- 
tively. 


The spectrum of an impulse has а SPX enve- 
lope, but in the narrow region of interest the en- 
velope is virtually flat. A low-duty-cycle pulsed 
signal is treated as an impulse, if it is received 
within а narrow band which is small compared to 


L, the reciprocal of pulse duration, but large 
compared to the pulse repetition frequency. 


Unfortunately, the causes of impulse noise are 
quite difficult to identify. Sharp isolated peaks 
occur at times when the many components of dif- 
ferent frequencies occur in phase. Also, singularly, 
each component may not be objectionable, but 
when in phase, a large spike may occur. The 
source of the interfering signals may be complex; 
that is, noise components from several sources 
may be additive in phase. 


а 


Impulse Noise Counter 


Impulse noise in communications circuits, is 
measured usually as a count of errors per 
transmitted. In a recent study by Western Ui 
a less sophisticated but direct approach was used, 
The count of impulses per unit time, at preset 
‘amplitudes, was measured with an impulse noise 
counter. 


This method required only the one instrument, 
while the error count method requires several 
costly instruments. The impulse noise counter is 
the most popular method; since standards for im- 
pulse noise have been established, which are 
based on counts per unit time, Manufacturers 
specify the performance of their equipment in im- 
pulse noise counts per unit time at a given level. 
The Northeast Electronics Model TTS-58A Im- 
pulse Noise Counter, used by Western Union to 
‘measure the impulse noise in the test circuits, 
gives, at best, only an approximation of the actual 
impulse noise. The maximum rate at which the 
counter will operate is limited by its electro- 
mechanical counters. After a count is registered, 
а reset interval of about 60 milliseconds is re- 
quired before another count can be registered. 
The total set and reset cycle of a counter is about 
100 milliseconds, thus limiting the counter to a 
‘maximum count of 10 counts per second. 


These factors have been considered in the de- 
sign of the impulse counter which represents the 
best compromise to approximate the "effects" of 
impulse noise and thus is accepted as a standard 
of sorts. The inherent limitations of the instrument 
may be partially overcome by ensuring that the 
rate of 300 counts per minute, (50% safety fac- 
tor), is not exceeded. 

When the inherent limitations of the impulse 
noise counter are overcome, the impulse noise 
amplitude distribution curve for most circuits ap- 
pears to follow the hyperbolic form. The power 
function, later derived empirically from the meas- 
ured data, closely resembles the hyperbola except 
for the skew as x increases. At this point the limi- 
tations of the count rate cause the curve to appear 
hyperbolic. As the sensitivity of the instrument is 
increased, it should continue to count at an in- 
creasingly higher rate; but when the maximum 
count rate of the instrument is reached, the ability 
to register all impulses is reduced. As shown in 
Figure 2, the curves of count per minute as a func- 
tion of level, all go asymptotic around 50 counts 
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are essentially overcome and do not grossly affect 
our test data. Furthermore, this is unimportant 
since at the extremes the circuit is either errorless 
or unusable. 

In addition to counting the number of impulses 
detected at various preset levels, a chart recorder 
was used to determine the distribution of noise 
with respect to time. 

The impulse counter has three electro-mechani 
cal counters which allow examination of the noise 
spectrum in discrete amplitude steps giving 
togram presentation. The low level counter reg- 
isters those impulses which exceed the level set 
for LO, but are less than the mid-level setting. The 
mid-level counter will register those impulses 
which exceed the MID setting, but are less than 
НІ. The hi-level counter will register all counts 
which exceed the level set for НІ. 


Figure 3—Test Data for Four Tests 
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Tests 


Ina series of tests made on a microwave circuit, 
the voice band filter was used to restrict the 3 dB 
bandwidth to the range of 660 Hz to 3.3 kHz. The 
data from these tests is plotted in a family of 
curves in Figure 3. Data was registered on 3 
counters namely low-level (LO), mid-level (MID) 
and high-level (НІ) for each of four circuits. 

‘The average of these four circuits was then 
plotted in Figure 4. Since the noise in a circuit is 
dependent upon traffic, and hence on the time of 


day, an average curve represents the circuit most 
effectively. 


bitrary translation of the xaxis is made in Figure 
4. Since the curves in Figure 3 appear to be 
asymptotic above 50 cpm, we shall confine our 
analysis to only those rates below 50 cpm. The 
translation of x-axis із accomplished by determin- 
ing that value of level (in dBrn*) where the curve 
appears to be asymptotic; this is then called the 
zero reference or O dB on the y scale in Figure 4. 
The у or zero reference was chosen as 42 dBrn. It 
follows that 10 dB is equivalent to 52 dBrn and 
20 dB is 62 dBrn on Fig. 4. This translation of axis 
makes it possible to compare the impulse noise 
amplitude distribution curve to that of a well known 
mathematical equation. 


вит decibels above reference noise) is weighted cireuit noise 
‘power in dB referred io 19W (90 dm) which ts 0 
— weighting, a iW 1 KHZ tone wi 
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Figure 4—Average of Four Tests 
shown in Figure 3 
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From this average curve of Impulse Noise Ampli- 
tude Distribution in Figure 4, a table of x and y 
coordinates are obtained and are used to empiri- 
cally derive an equation that defines the curve. 
From this, it is obvious that the impulse noise 
curve uniquely follows the curve for а power 
series. The argument for a hyperbolic distribution 
is often found in the literature, and we agree that 
this is indeed valid; but if we confine our study to 
ап area of particular interest around the threshold 
of receiver sensitivity, we will show the validity of 
the power series definition. 


The method described іп the following example 
is that of curve fitting where we find the equation 
for a curve that most nearly fits our data. The 
equation empirically derived will be in terms of the 
coordinates established after translation of the 
xaxis, hence the procedure is not reversible. Given 
the equation we cannot define the curve in terms 
of Вт vs cpm without knowing what level in Вт 
is called the 0 dB reference. But this is not im- 
portant at this point, we are interested in finding 
ап equation to define impulse noise amplitude 
distribution first. Later, it will be shown that by 
knowing a mathematical definition of impulse 
noise in a system, we can use this knowledge to 
simplify the interpretation of data obtained from 
measurements. 

The characteristics of impulse noise appear to 
be complete randomness. There are so many varia- 
bles involved in attempting to analyze the problem 
analytically that it is better to do so empirically. 
‘The Western Union technique consists first of ob- 
taining a set of observed values and then trying to 
define these values by plotting them on some co- 
ordinate paper and drawing a curve through the 
plotted points. If the points, when plotted on rec: 
tangular coordinate paper, lie approximately on 
а straight line, we assume that the equation 
у = mx + b represents the relationship. To de- 
termine the constants m and b, the slope and the 
y intercept may be read off the graph or they may 
be calculated by solving two linear equations for 
m and b obtained by substituting the coordinates 
of two points on y = mx + b. 

Our data does not represent a straight line, so 
we can try some other form such as an algebraic 
polynomial, an exponential, a power function, etc. 
We would expect to find that the data will fit a 
curve of a form similar to a hyperbola. A curve 
fitted to the exponential form was chosen, as ex- 
plained in the following section. 
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Empirical Equation 

If we take the common logarithm of the co 
ordinates x and y, in Figure 4 we construct Table |, 
p = log x, м = log y. When these points x and v 
are plotted on semilogarithmic paper, they tend to 
lie along a straight line. This line may be assumed 
to be of the form of equation у = ае. 
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If we divide the data into 2 groups taking 
2 = x = 16 as Group | and 18 = x = 34 as 
Group Il, we can determine an average x, and ха 
and a corresponding v, and v, for the two groups. 


They are: x, 
X 


The slope of the line (К) through these two 
average points i 


к=——— = 0.0185 
x) —% 
and the equation of the straight line is 
м м=к(х—х), 
v— 1191 = —0.0185(.—9) 


or 
v= —0.0185 x +1.357. | 


This equation is of the form у = kx + L which 
is the general form of a straight line, 


where 


k= —0.0185 and 
L—loga = 1.357. 


WESTERN UNION TECHNICAL REVIEW 


Taking the anti log of both sides, we have 


= а по)“ 

22.75 (10) —0.0185 x 
22.75 (e1**) —0.0185x 
22.75 et. 


Thus, we empirically find an exponential amplitude 
distribution for impulse noise measured in the test 
circuit. 


То further substantiate that an equation of the 
form у = ax’ applies, additional measurements 
were made of impulse noise on many other circuits 
in N. Y., Chicago, Dallas and San Francisco. These 
provided data (cpm) which, when plotted as а 
function of amplitude provided curves which ар- 
peared to be hyperbolic since they were asymptotic 
in x and y. However, they were not asymptotic at 
the same rate. Rather than change the scale, an 
equation was found to describe the curve. By well 
known methods of curve fitting, equations for each 
were empirically derived for the 
| tests provided data which fit an 
exponential curve у = ae". This із a special case 
of the general form of a power series, where у = У 


‘The general form of the power series is 


> 
Dr 


which, for a finite number of terms, can be writ: 
tenas 


у= ах. 
Evaluation Of Actual Circuits 


That portion of the impulse noise amplitude 
distribution curve where the slope changes from 
maximum to minimum is of particular interest. 
This portion generally lies between 0 and 20 
counts per minute. Within this range is found the 
point (3 cpm) which has been established as the 
reference standard for impulse noise, 90 counts 
per 30 minutes. Because the З cpm point із lo- 
cated uniquely at the knee of the curve, as shown 
in Fig 2, it provides the setting level for the mid- 
range (MID) counter, thus establishing the levels 
for the hi-range and lo-range counters. 


The following example describes how ап actual 
circuit may be evaluated with the 3 point measure- 
ment. 
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Example: 

Test data is plotted and а smooth curve is 
drawn, as shown in Figure 5. The measurements 
меге made at а +7dB level point of a voice fre- 
quency channel, therefore, it is necessary to refer 
all levels back to the zero reference level point. 
The signal level at the input to the data modem is 
—8dBm and the transmission loss із OdB. 


data signal level at modem input 
‘measurement point level 


Test data showed the reference standard level 
to be 64dBrn. This is equivalent to —26dBm 
(64dBrn —90dB = —26dBm). 


reference standard level —26dBm 
‘measurement point level —(+788. 
—33dBm0 


‘Thus, the signal-to-impulse noise ratio 


— 15 dBmO — (—33dBmO) = 18dB 


therefore, the circuit is acceptable for a data set 
requiring а signal-to-impulse noise ratio of 1898. 
or less. 


(RE 
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Figure 5—Average Curve for a Series of 
of Different Circuits 
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Knee Of The Curve 


The knee of the curve is used to evaluate the 
amplitude distribution of impulse noise present in 
a circuit. 


The impulse counter is most accurate when the 
level settings of its three counters are along the 
knee of the curve and not on a point of maximum 
or minimum slope. Because of this, the measure- 
ments of impulse noise should be made only 
within this range. 

An average expression for impulse noise 
y = 11x was derived from a series of tests on 
different circuits and plotted on curve in Figure 5. 
In this case, the reference standard, 90 count/30 
in. point, is at 63 dBrn. It should be noted, that 
this point is centered on the knee of the curve. 


Significance 


The method devised to analyze an actual circuit 
for impulse noise content is based on the ana 
lytical findings of many circuits tested. It has been 
shown that the 90 count per 30 minute point 
(3 cpm) on a curve of impulse noise amplitude 
distribution will always lie on or near the knee of 
the curve for a usable circuit. Thus, the curve 
would be approximated quite easily by locating 
the 90 count point, one point above it, and one 
point below it. The curve will go asymptotic at 
levels above the 90 count point and nearly asym- 
ptotic at some level below the 90 count point. We 
are interested in the knee of the curve and the 
near asymptote to the x-axis. Therefore, a meas- 
urement to define the knee and three points below 
the knee (lower levels) will provide adequate in- 
formation to evaluate a circuit. 

The knowledge that a plot of test data, from 
measurements made in a traffic environment with 
the impulse noise counter, will always follow the 
form of a power series—is highly significant. The 
operator can select the level settings of the in- 
strument specifically to define the curve. Measure- 
ments made only around the reference standard 
level is likely to show low or zero counts at the 
HI and MID level settings. Such data is difficult 
to analyze. Test data that produces a power func- 
tion curve can be readily compared with test data 
from other circuits. The plot itself, when it follows 
the proper curve, is sufficient verification of the 
validity of the measurements. 


Impulse Noise Mapping 

A special technique for determining the critical 
areas of impulse noise has been under study at 
Western Union. If we assume a hypothetical com- 
munication system interconnecting 8 cities, A 
through H, as displayed in Figure 6, and indicate 
оп the map the mileage plus the level at which 
the standard reference count was measured be- 
tween any 2 points, we may quickly ascertain the 
‘most critical areas in the system. 


Table Il tabulates the individual mil 
noise reference standard level for those sections 
оп the overall system. 
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Conclusion 


The significance of a mathematical expression 
for impulse noise in the traffic environment is two- 
fold. First, knowing that the 90 count/30 min. 
point will appear on the knee of a curve of ampli- 
tude distribution enables us to use a single point 
аз a standard of comparison. If we choose a count 
Tate which appears somewhere on the maximum 
or minimum slope of the curve, it would become 
exceedingly difficult to choose the proper level 
settings for the impulse noise counter when meas- 
uring a circuit. Secondly, we can take that portion 
of the curve that appears to be asymptotic in x 
and relate that level to the voice weighted rms 
white noise. It was found that the x-asymptote of 
the curve is about 12 dB higher than the rms white. 
noise measured with a noise measuring set. 
From the above we can establish confidence in 
impulse noise measurements. A quick plot of the 
counts registered by the LO, MID, and HI level 
counters will show if the knee of the curve is de- 
fined or if it is necessary to examine the impulse 
noise at higher or lower levels. By taking counts 
to define the knee and the x asymptote, the circuit 
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is evaluated. Care and understanding is essential 
in measuring impulse noise because of the com- 
pletely random nature of the impulses. Measure- 
ments which specifically define a curve make the 
technique particularly useful in eliminating test 
data that even an expert is not capable of interpret- 


ing. 
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Computer to Terminal 


Ringback Algorithm 


INTRODUCTION 


їп the design of an optimum algorithm (plan) 
which a computer can use in delivering messages 
through a circuit switching network, e.g. TELEX, 
а basic problem is to determine the times at 
which the computer should dial to make a connec- 
tion with a particular terminal. A simple di 
of a typical system is shown in Fig. 1. 
When the computer receives a message for the 
terminal it “dials out" attempting a connection. 
made the message is deliv- 
егей. However, Й a "busy" is encountered, we 
must select the time for the next dial attempt. 
If this attempt fails, the next time must be se- 
lected and so on. Thus, the problem can be stated 
as-to devise an optimum algorithm which con- 
sists of a sequence of times (ty, t ts . . .) at which 
we should dial, given that a "Бизу" was received 
at all previous dials. We note that t< t tı . . 


CRITERIA FOR OPTIMALITY 


Several criteria may be used to measure the 
optimality of the algorithm; however, two generic 
areas called the “cost of dialing” and the “cost 
of waiting" are most significant. Everytime we dial 
out we incur a cost, because we are utilizing time 
from the computer for the dial and we are utilizing 


by A. B. Wadler 


lines from the network. Thus, if “dial cost" is the 
prime consideration we should dial infrequently. 
However, this increases the "cost of waiting." 
Waiting cost consists of the cost of storing the 
message in the computer plus whatever cost we 
attribute to degrading service by having the cus- 
tomer wait for his message. Thus, if the cost of 
waiting is of prime importance, then we should 
dial out immediately; that is redial immediately 
after receiving a busy. 


Figure 1—Simple Block Diagram of a Typical System. 
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It is obvious that these two costs conflict with 
опе another; when we minimize the cost of one, we 
maximize the cost of the other. Thus, in this case 
"optimum" means minimizing the weighted sum 
of the two costs. 

Let us examine this cost mathematically. When 
a busy is received, the busy could be due to either 
the network (its lines are "tied up") or the termi- 
nal to which we are dialing being busy (or both). 

We define the network/terminal combination as 
the system and let SB(t) represent the event 
that the system is busy at time t, and SB(t) the 
event the system is not busy at t,. Assume the 
first dial occurred at time t=t., the time a busy 
was encountered. At what time, t, should we at- 
tempt again? Putting this another way, at some 
time t»t, we wish to decide, based on our 
weighted cost criteria, whether to dial or to wait. 
The four possible outcomes from this decision, 
may be: 


(1) If we were to dial at t=t, and the attempt 
were to be successful, we would save fu- 


ture dials and minimize ма 
us call this saving So. 

(2) И we were to dial at t=t, and the attempt 
were to be unsuccessful, we would incur 
the cost of one dial. Call this cost Co. 

(3) If we were to wait (do not dial at t=t)) 
and the system happened to be free (the 
dial would have been successful), we would 
incur possible future dial costs (if the sys- 
tem becomes busy again) and incur in- 
creased wait time for the customer. Call 
this cost Cro (МО = Not Dial). 

(4) If we were to wait and the system happened 
to be busy at t, we would save the cost 
of one dial = Sis. 

These four possible outcomes can be repre- 

sented in the logic diagram in Figure 2. 


ing time. Let 


The logic diagram was shown for t — t, where ty 
is any time greater than t,. Obviously, the logic 
holds for any time t, provided we have received 
“busys” at all previous dial times ts, ty, ta .. ., ti1. 


— ل س‎ 
"== [ew 180 = ол 
- — 
(а) @) (4) 


Figure 2— Four Possible Outcomes of the Decision "To Dial" or "То Wait” Ringback Algorithm. 
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DIALOUT STRATEGY 


Examination of our logic diagram of possible 
‘outcomes shows us that paths (1) and (4) yield 
what we have called net savings, whereas paths 
(2) and (3) yield what we have called costs. Since 
we do not know (before dialing) what the outcome 
of our decision will be, the best that we can do 
would be either to maximize the expected savings 
‘or to minimize the expected costs for our system. 
By either of these two strategies, we obtain the 
best “long run”.or "оп the average” system cost. 

To illustrate the basic problem in a somewhat 
more simplified manner, suppose we hypothesize 
that the profit delivering a message is R dollars 
revenue less the costs of dialing, storage, han- 
dling, etc. This hypothesis is naive in that it 
neglects several cost elements which are not ap- 
plicable to this problem. Thus, the profit on а 
message may be expressed as: 


S (Profit msg) = R — Сола — Саше См 
=з 


For this simplified case, let us assume that the 
cost of storage із fixed, independent of how long 
the message has been stored. This assumption 
implies that speed of service is of no value and 
that the storage medium is not required for other 
‘messages. With this assumption in mind, we note 
that all of the terms in the above equation are 
constant with the exception of the accrued cost 
for having dialed. We group all the terms, other 
than Co, and define the "Value" (У) for getting а 
message delivered. У is independent of time be- 
cause of the assumptions made. 

Now, we adopt a particularly simple strategy 
which says “wait until the probability of getting 
through, times the value of getting through 
ceeds the cost of dialing, Co, — then dial”. This 
probability can be shown in Figure 3: 


Suppose we model our system busy conditions 
such that the probability of the network being busy 
is a constant (т) independent of dialout trials. We 
‘model our terminal as having a busy period (hold- 
ing time) which is exponentially distributed with 
а mean of T». Also, the arrival of messages to and 
from the terminal is random (Poisson distributed) 
with а mean interarrival time of T,. The terminal 
utilization p is then p = 


the time for the first dial may be expressed as: 


чий зенітні о УИ 
) + rl — 9) = СУ =] 


а 


All subsequent dials should be set at equal time 
intervals (at), which may be expressed as: 


Note that regardless of how long we wait to 
dial, the probability of finding the system free 
never exceeds (I—p) (1—0), so that Co/V must 
be less than this value. Thus, in Fig. 3, the point 
Ais (I-p) 0—0. 

For any given conditions of terminal busy times. 
and free times, we may evaluate the above ex- 
pressions and we have thereby defined an opti- 
mum strategy for ringback. Unfortunately, the 
fact that V, the value assigned to a successful 
dialout, is truly time dependent (that | 
function of both how " 
the system and how much longer it 
if we do not dial at this time), makes the simpl 
fied case somewhat unrealistic. 


We now consider an analytical formulation 
based on the four cost criteria described in Fig- 
ure 2 which hopefully takes into account this time 
dependency. At any decision time, tı, we can say 
that we should dial out, if the expected savings, 
when we dial, exceeds the expected savings for 
waiting. Treating both the savings and cost as 
positive numbers, we see that: 


E [savings if we dial) 
= (prob. of success)E[Sy] — 
= (prob. of failure)E|C»] 
= Pr{SB(t)\E|Sp] - Pr{SB(t)|B|Co) (3) 


Elsavings if we wait] 
= -(prob.of success) E (Co) + 


+ (prob. of failure)E[Sso] 
= —Pr(SBit)|E(Cxo] + Pr(SB())E[Sxo] (4) 


Thus, we dial when: 


Pr{SB(t)|E|So) = Pr(SB(t)]E(C»] > 
= —Pr{SB(t)\E|Cxo) + Pr{SB(t)\E|Swo| (5) 


Since | Pr{SB(ti)| = 1- Pr{SB(t)) (6) 


Equation (5) can be written as: 
(1— Pr[SB(t)])E[S»] = Pr(SB()E[Co] = 
=- (1 — Pr[SB()]E[Co] + РА5В( ЈЕ но] 


т 


After some algebraic manipulation, this inequal- 
ity (7) can be re-written as (8) 


2180] + Е[Ској 
ETS] + B[Co] + E[Sxo] + E(Cvs] 


(8) 


Pr[SB(t)) < 


We dial when equation (B) is true. 
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Thus, given that we have been unsuccessful up 
to time tis, we begin computing Pr[SB(t)] with 
increasing time, and we dial out only when this 
quantity just equals the right hand side of eq 
tion (8). If the attempt is successful, the game is 
over. If not, we reconstruct the inequality for t+ 
and start counting from t, etc. 
Before proceeding, for simplicity let us set 


E[Sp] + E[Cw0} 
518] + E[Co) + Е|5к0] + E[C»o] 


(9) 
where certainly o <۸ Sl. 


А few remarks about A are in order. We note 
that A is a function of the expected values of sev- 
eral random variables. That is, the values of So 
and Се require the knowledge of how many more 
dials are required, if we do not get through at 
our present decision time. Similarly, it also re- 
quires the knowledge of how long we have to wait. 
until we finally make the connection etc. The 
elements are random variables in the sense that 
they cannot be computed with any certainty, thus 
we use the expected values of these variables. In 
addition, not only are these quantities random 
variables but their expected values are time de- 
pendent. That is, the values ої E(Ss) and E(Cwo) 
(and therefore, A) are functions of that point in 
time where these elements are computed. Thus, we 
should write А=А (0). With this, we shall assume 
(for the moment) that we can compute as func- 
tions of time both Pr[SB(t)] and А (t) and construct. 
the desired algorithm in Figure 4. 


Iterative Strategy 

The algorithm: required по "аргіогі" time se- 
quences (1,5,0. . 2 but rather used an inequality 
(8) by which these times can be determined (one 
ata time). This strategy requires the computation, 
аз functions of time, of Pr [SB(t)] and of A (t). The 
former element can be computed as will be shown 
in a later section. However, the computation of 
A (D proved impossible thus making the algo- 
rithm unfeasible (although interesting). To show 
this, let us examine А (t) at some specific time 
—say А (1), and look at one element of A (t) say 
Е[С,е]. ЕГСље] as we recall, is the expected cost 
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Figure 4—Algorithm using the Inequality (8). 


resulting from future dials we must make, plus 
the expected cost of additional wait time given, 
ме did not dial at t, —hereas, if we had, we would 
have made a connection. Calculating the expected 
cost of future dials involves calculating the ex- 
pected number of future dials. In order to do this, 
however, the future dial times must be known, 
That is, in order to calculate E[Number of future 
dials required to get out] (assuming we are not 
yet out at t) requires that we know at what times. 
tin tua... we аге going to make future at- 
tempts. However at t we have not yet determined 
the future dial times, and therefore cannot com- 
pute А (t). Thus, this approach appears to be un- 
feasible and a simpler, but somewhat less power- 
ful, approach was implemented. This approach 
can be called an iterative strategy (trial and error). 

We “apriori” select a large (but necessarily 
finite) number of possible sequences. That is, we 
pick M sequences 5,5, ... Зм where S, is de- 
fined by (tj tjs tj... tj), the times we attempt to 
dial, assuming we have failed on all previous 


[EXPECTED DIALOUTS fr SUCCESSFUL DELIVERY E(N)=DIALOUTS 


NE GENE AN KC 0) 
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Figure 5—Piot of Number of Dialouts to suc- 
cessful ‘vs. Time Between Dialouts. 
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times. For each sequence S, we compute the ex- 
pected number of dials required to make the con- 
nection ЕГМ), and the expected time (measured 
from to =0) the connection will be made 
E[Tw]. We "weight" the two by defining the ex 
pected cost of this sequence by; E[C] = WE[N] 
+ (1—WE[Tw] where W(o <W <!) is the weight- 
ing factor. The optimum sequence is then the 
sequence whose E[C] is a minimum. 


‘Some Typical Results 


The latter algorithm was placed on a computer 
and used to evaluate several proposed ringback 
schemes for ISCS PHASE O where the average 
terminal holding time is estimated as 1.5 minutes. 
For illustrative purposes the results of a series 
of runs are shown in Figures 5 and 6. For these 
runs a fixed network utilization of 18% was used. 


өе 0% р-751 
Фалах рех 
лах -40% 


Figure 6—Piot of Time of Delivery vs. Time Between 
Dialouts. 
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ваті Re NUT РЕ eR 
TIME BETWEEN DIALOUTS (AT) MINUTES 


рел 7—piot ot Expected Cost of Deilvery vs. Time Be- 
сы 


Also the ringback time sequences used were such 
that the time between dialouts was constant for 
each run. As seen the intervals selected were 0.5, 
1.0, 1.5, 2.0, 3.0 and 5.0 minutes. For each time 
interval three runs were made with terminal utili- 
zations of 7.5%, 18% and 4096. Figure 5 indi- 
cates the expected (average) number of dialouts 
required for a successful delivery as a function 
of the time interval. Figure 6 indicates the ex- 
pected time the successful dialout will occur (as 
measured from the first unsuccessful one at 
120) 

Figure 7 shows the weighted cost аз а function 
of the dialout interval for weighting factors (W) of 
1/3, 1/2 and 2/3. Recall that ЕКС) = WE(N)+ 
AWET). 
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DERIVATIONS 


We define the expected number of dials ге- 
quired to таке a connection as ЕГМ) and the 
expected time (measured from 1,220) we wait for 
а successful connection as E[Tw]. These two meas- 
ures represent the significant elements of cost to 
be weighted. We "weight" the two by calculating 
the expected cost of any prespecified dialout se- 
quence as 


E[C] = МЕМ] + (1- WE] (10) 


where W is a constant (o < W < I). The optimum 
sequence із that sequence where E[C] = min. We 
shall now describe the analytics for the calcula- 
tions of E[N] and E[Tw] given а certain sequence 
би.) 

For those readers not familiar with probability 
theory, some of its basic concepts will be provided 
to assist in the understanding of this section. 
Some knowledge of elementary calculus is as- 
sumed, 


Probability Theory 

М we have two events A and В, we define 
Pr[AUB] as the probability that either A or B or 
both events occur. Also, Pr [An B] із the probabil- 
ity that both events A and B occur. The conditional. 
probability Pr[B/A] denotes the probability of B. 
occurring given that event A has occurred. The 
basic relationships linking these concepts ar 


Pr[AUB| = Pr|A] + РАВ) – Pr[AQB| 
an 


PriB|A) = US a2 


With these elementary concepts as a guide we 
proceed to our problem, the calculations of E(N), 
the expected number of dials required in order to 
make a connection, and E(Ty), the expected time 
for the connection. Both of these values to be 
computed given a dialout sequence denoted as 
(tots. 

Every. we dial we either get a busy or get. 
through. For the i* dial out (DO) occurring at 
t=t (t = о), we let SB(t) be the event of getting a 
busy (as before). Let X, — the probability of get- 
out, for the first time, at exactly the i* DO 
SB(t). 


Then 
E(N) = 1X, + 2X4 + 8Xs  --- 4 MX, 

à a3) 
and 
Е(Т») = X. + Xa + °°° ОХ, 

= 

= 5х 

à 

(where at the M* try we submit the message to 


manual intervention, thus Х = for all j >M). 


From its definition we can express X as; 


X = PriSB()nSB(t-)n SB(s-0 п 
OSB(t) | 586) as) 


From Equation (12), we can write 


Pr[SB(t) NSB(t.-1) MSB(t-a) По 
+ ПВП 5В()) 


х 
Pr[SB(] 


и 


(16) 


For simplicity let SB(t)) 2 SB(t)ASB(t-1)0 
ASB(ty-s)0 < ПЗВ. That (ti) is the 
event that the system was busy at all dials up to 
and including the 


Util 


ing this nomenclature (16) із 


PriSB(t) ЯВИ 
Pr[SB(] 


X= ay 


From (12) again (16) may be expressed as 
_ PriSB(t) | SB(t-1)) + Рк) 
PriSBito)) 
= PriSB(t) | SB(t.-.)]- 
*Pr[SB(t.-.) | SB(ts-s)] · Pr{SB(t.-s)] 
Ea RN 


a8) 
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Continuing this formulation (15) can Бе ex- 
pressed as; 


X; = Pr[SB(t) | ЯВИ) 


— SB()]- 


+ Pr{SB(ts) | SB) 
9) 


Or finally; 
= = Pr{SB(t) | SB(t-0}* 


” Ц PrisBe)| SB(t-)] 
(20) 


кана) . (2) . f(3) ... #0) the cumu- 
lative product. 


Thus the solution of X, (and therefore E(N) and 
E(Tw)) involves the solution of Pr{SB(t)/$B(t:_1)]. 
i=1,2... That is, the probability the system is 
busy at t, given it has been busy at all previous. 
dial times. 


For simplicity let 


wt) & PriSB(t) | SB(s-9] 
(2) 


xı = пио TT мө 
(22) 


Examining y(tj) we see that the event SB(tj) 
(getting a busy on the j" DO) can occur if either 
(ог both) the terminal or the network is busy. 


Let TB(tj) =the event the terminal is busy at 
tj (the j^ DO). 
Let NB(tj) = the event the network is busy at tj. 


Therefore 


ut) = PriTB()UNB() | SBit,-9] 
(23) 


Spring 1968 


which, from (11) is: 


0) = Pr[TB() | SB(t-)] + 
+ PriNB(t) | SB(t-)] — 
— PriTB(yoNB() | 80-3) (24) 


Now we make some reasonable assu! 
regarding the network. We assume the DO. 
vals are long enough so that the event NB is 
independent of time and of all previous events. 
That is, any time we examine the network, the 
probability of it being busy is constant, the con- 
stant being the average utilization of the net. 
work (2 9. 


Under these assumptions, 
Pri NB(t))|SB(t) 
and since NB and TB are independent 


the last term of (24) is 
тРАТВОДІЄВО) d). 


Thus (24) can be expressed as; 
w(t) = РТВ | ЗВУ —7) + 
(25) 
Since г is presumed known it remains only to 
solve for PrTB(t)) SB(tj...)); that is the probabil- 
ity that the terminal is busy at tj given that the 
system has been busy at all previous DO times. 
We note that the expression Pr[TB(t)|SB(tj.] 


is a function of two times tj and tj-,. For sim- 
plicity, thus define; 


щы) 2 PriTB()|SB(,-)) (26) 
making 
wt) = [bt1 +" (27) 


As a review the linkages to the solution are; 
СЯ 


і-дзубузх, FEM 


Го) 
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“AII” that remains now is to solve for 20,4] )- 
(patience dear reader). We begin by first examin- 
ing z(t +é, tj.) where є is an extremely short 
time interval. Now, z(tj+e, tj) is the probability 
the terminal is busy at tj +e given it was busy at 
tj-ı and at all previous times. The event TB(t +e) 
could occur two ways. 


@) the terminal was busy at tj and remained busy 
at tj +e Or, 


Since we can make the interval є as small as 
we wish, we ignore any multiple state changes oc- 
curring during the interval. 


Taking these two possibilities into account we 
can write for 


altita tim) = = 
= Pr{TB(t; ) | TB(E)]* Pr(TB( | 580-3) + 
+ Pr(TB(t, + o) | ТВ] + Pr[TE(E) | SBi) 
(28) 


In order to proceed, we must now define the 
terminal busy and free time distributi 

We assume that the length of time a terminal 
remains busy (for one connection) is a random 
variable, which is exponentially distributed with 
an average length T». 


Under these assumptions 


Pr[TB( + | TB(t) = 
= e ~ 1~ ут for Ће<1 
(29) 


To determine the free time distribution (the 
length of time the terminal is free between con- 
nections) we note that if the time between mes- 
sages arriving at the terminal is high relative to 
the mean busy time, the time the terminal is 
free is approximately the time between message 
arrivals or the interarrival time. Note that this as- 
‘sumption is valid under "low" terminal utiliza- 
tions. Assuming the interarrival time is random 
(the message arrival rate is Poisson distributed) 
with а average time between arrivals of Ta yields. 


РТВ + 9 |TB(t)] = 
= 1e ~ dTa for dT.<<1 
(30) 


Note that Т,/Та 2 p the average terminal utili 
zation. Combining (30) and (29) with (28) yields 


= (1-dT7)Pr{TB(t) | SB(t,-1)] + 
+ (/T_)Pr|TB(t) | 5800-3) 


(31) 


attat 


or 


+6) = (1-ТУРІТВІО) | SB(t;-)] + 
+(d/T.){1 – Pr{TB(t) | SB(t;-1)]} 


(32) 
Since from (26) РТВ) | SB(t,-»)] 5 z(t» t1) 


(Ge ta) = (1— Ts ti-i) + 
+971 ооо) 
(38) 
or 
altita tie) = dTa + alts ti-i) = 
= аһ) To + To) 


(84) 


‘Subtracting 2(6, 6-:) from both sides yields 


altita timi) = (вә) = 
= АТ, alts t- [4 To + dT] 
(35) 


Dividing both sides by є and setting in the 
limit «>o, yields the following differential equa- 
tion. 


ditto) _ 1 
SD = т-- Ht tr MAT + UT 
(36) 
FE M e Зорю 
ence = је 


since we have assumed Ta >> T. 
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Thus 


аъ 1 1 
TE =g бод; 0 


The partial solution of (37) із given by, 


за) = ТЫТ, — де tio (38) 


where @ is а boundary condition which is solved 
for, by noting that 


іс) = TWiT. 6 
or ө = ТЫТ. — уві) 
(39) 
Thus the complete solution of 26,5) is 
Ath bi) = 
= ТЫТ, — [TTo іл вад) tiem 
(40) 
The “correctness” of this solution can be veri- 
fied by differentiating (40) and reconstructing the 


original differential equation. Differentiating (40) 
yields 


da(ty,ty-1) 


1 
Fn = ТЫТ, – дент 


(a) 


But from (40) 
(ТТ. — 6-6-0) 


= TT. zits ta) 
(42) 


Thus, 


delty bs) 
dt 


(UTATA Ta — z(t, ty-1)] 


= yr, sth 


(43) 
which is identical to (37) our starting equation. 
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Returning to our solution (40), it can be written 

as; 

Abeta) = в Дрова) 
(44) 


It can be shown (see appendix) that 
(6-6-1) = PrITB(t-1)| SB(t-3)] 
(45) 


can be written as; 


0-6) = [д 


(47) 


We note that a closed form solution is not 
available. The solution for an interval (tj tj..) de- 
pends on the solution for the previous interval 
(tj-s,tj-3. Thus what is required is the solution at 
the first interval which can then be inserted for 
the solution of the second which in turn is used 
for the third and so on. 

Preceding with the solution of z(t,t) and re- 
ing that 1,20 we see from eq (38) that 


— — 
Q [ea 6-90 77 +. 


— hem du) 


where 6, the boundary condition, can be derived 
by noting that, 


Т, 
tat) = па or 


тела | єть 
(60) 


a(t, to) = p — [p— z(to to)]e tii (51) 
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From our definition of z however (eq 26) 


2(to,ta) = Pr|[TB(t) | ЗВ) 
PriTB(te) OSB(ts)) 
Pr[SB(] (52) 


Since the event SB(t) includes the event ТВ) 
[TB(t) п SB(1)] - TB(t) we see that; 


Pr(TB(t9) 
a(t.) = РИБЕ) (53) 


But РТВ) =p and 
Рт{8В(0)] = Pr{TB(ts)] + PrNB(to)) — 
= РТВ) ОМВО) 
= ptr—pr= бізтят 


‘Thus, 
дыш = 


dior (55) 
and 
sitst) = p- p = ac] own 6) 


Therefore, in summary we have the following 
ion: 


EN) = Xx азу 
x 
ET.) = Six (14) 


х= пио [| мб — e» 


we) = st-n-r)*r (2m) 


Ati tir) = 
а-а) — 7 
| 


[е +т| 


є 


(ат) 


щи = | 66) 


‘The computer program shown in Fig. 8 was used 
to compute the above; the end resulting, for each 
sequence tried, E(C)=W E(N)+(1—W) Efo). 


Note that we have limited the number of tries 
to M, where on ће МУ try, the message is sent to 
a local terminal for manual intervention. 


Feo ttes 
= 


‘compute ис) = WEIN) + 01- 


Figure 8—Program for iterative Strategy. | 


е! 


APPENDIX 


Proof that 
ziti- ta) 
aint) = Биба) 
1076-90-77 
аб 
Ме recall 


ол t) = РТВ) | (6-3) 
_ РАТВ ПВ) 
Р) 


But ^" 
Pr(TB(ty-1)VSB(t-)) = 
= Pr[TB(,-) o SB(t,-.) n SB(t-3] 
Since TB(t-)NSB(t-ı) = TB(t)-») it follows 
that. 


About) = _ 
_ Pr(TB(,-)n SB(t-.)) 
~ Рив) 
PriTB(,- 3) | SB(t, з) PriSB(t-9] 
Pr[SB(t-:)| SB(t,-3)]- Pr(SB(t,-2) 
_ Pr[TB(t-)) | SB(t-.)] 
Pr|SB(t,-.) | ЗВО) 


The denomination can be written as: 
PriSB(-.) (6-3) = 
= Pr[TB(,- | SB- =r) +r 
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PriTB(t,-.) | SB(t,-9] 
Pr{TB(t;-1) | SB(,-)]0 —7) +r 


Substituting (26); 
We conclude 


ай, ) 
ожили =) + 


at 


‘APPLICABILITY 


‘The applicability of the above algorithm, in 
terms of its usefulness in an ongoing system, is 
predicated primarily on the assumptions made in 
modelling the system. Recall that two major a 
sumptions were made. The first, regarding the 
terminal user, is that the time a terminal is in 
use is exponentially distributed with a mean of 
Т, Although there are several factors, such as 
multiple address and multiple messages per con- 
nection, which do not "fit" the exponential dis- 
tribution, it is felt that these complications are 
not significant and that the assumption is reason- 
ably valid. 

The second major assumption is that of mod 
ling the network by a fixed utilization factor (r). 
This assumption "holds up” if the traffic (and 
dialouts) from the computer to the network rep- 
resents only a small fraction of the overall network 
traffic. 


ACKNOWLEDGEMENT 


Ringback Algorithm • 61 


Our Customer Says 


Punched Card Transmitter 


Speeds Handling of 


CIN Railways Reservation System 


Instant return reservations are now provided 
by Canadian National Railways by means of its 
new computerized Electronic Passenger Reserva 
tion System, the first such system to be used in 
North America, The computerized system was 
designed by CN Railways’ subsidiary, Canadian 
National Telecommunications, to handle the in 
creasing volume of traffic and provide faster 
response to customer reservation requests. The 
unique new system links passenger agents 
throughout Canada to a central computer in 
Toronto via microwave and 100 wpm communi 
cation networks. Mr. Garth Campbell, General 
Manager of CN Railways in Montreal, says, “It 
would have been impossible to handle the Expo 
67 reservations last year, if it had not been for 
the Electronic Passenger Reservation System.” 


CN 


Telecommunications 


by A. J. Kuhr 


EPRS 


The Electronic Passenger Reservation System, 
EPRS, as developed by CN Telecommunications 
working with Western Union and Collins Radio, has 
four basic components, common to most computer: 
ized systems; namely, an input device, сотршег/ 
communications interface, Central Processing Unit, 
and output device. The input device is a Western 
Union Punched Card Transmitter, #11890; the 
computer used is Collins Radio C-8401, and the 
output device is a Model 32 Teleprinter. It was 
mot economically practical to provide a direct 
line from each input device to the computer, be. 
cause of the cost of lines and the number of 
terminals on the computer multiplex processor. 
By employing a network of Line Concentrators 


WESTERN UNION TECHNICAL REVIEW 


100 agents sets have access to 10 computer 
terminals. When the system is queried, the out: 
put device produces a record of the request and 
the answer immediately beside it, on a single 
sheet, which may be used to answer the customer 
request. 


Input 


The Western Union Punched Card Transmitter 
was specially modified as input to the CN Rail 
ways Reservation System. It accepts cards pre- 
punched or pencil marked in Hollerith code by 
the ticket agent with information regarding custo- 
mer requests for space. The ability to read pre- 
punched cards permits prepunching repetitive in 
formation by machine. The card, illustrated in 
Figure 1, is divided into eight command fields: 


1. Type of request; Reserve, Cancel, Query 
or Test 


2. Accommodation required; Parlor Car Seat 
or Coach Seat 


Boarding Point 

4. Destination Point 
5. Quantity of Seats 
6. Train Number 

7. Car Number 

8. Chronological date 


As the customer telephones the Reservation 
Bureau, or appears at the ticket agent's counter, 
the agent marks a date card, using a soft lead 
pencil (some fixed information may be prepunched 
on the card before it is pencil marked). Marking 
time varies from 5 to 30 seconds. The Agent then 
places the card in the Punched Card Transmitter, 
as shown in Figure 2. When the START button on 
the data card transmitter is pressed, a direct line 
Connection to the computer is established. The 
card is scanned and the information read by the 
transmitter, and then transmitted over telegraph 
channels at 100 wpm (baudot code) ма a line 
concentrator, and then on to the computer. In- 
formation is simultaneously printed on the Model 
32 teletype to permit verification of card marks. 
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Computer Center—Data Central 


The Computer Center known as Data Central, 
was formerly used by CN Railways for message 
switching only, The author of this article, Mr. A. 
J. Kuhr, Director of Marketing, and the designer 
of the Electronic Passenger Reservation System, 
Nr. F. 2. Butterfield, are shown at the disc files 
in DATA Central in Figure 3. It consists of two 
Collins C-8401 processors, two core frames with 
61K of 16 bit words, and two Bryant disc files. 
One processor performs message switching and 
reservations functions. The other is on "hot-stand- 
by" and is ready to take over the complete opera 
tion in the event of a failure in the first processor. 
The disc files, with a capability of 153 million 
information bits, are normally both in operation; 
13 million bits are used for the passenger reserva- 
tion system. All of the required information for 
the operation is stored in duplicate, one copy on 
each file. 

An inventory of available space is maintained. 
in the Computer Center. When the Computer is 
queried regarding available space, it replies within 
a few seconds. The reply may be prefixed with 
"OK," "UN," “INV,” or "CLOSED." 

IF "ОК" is received, it means the reservation 
is made, and the computer has readjusted the 
inventory accordingly. 

The prefix “UN” indicates requested space is 
unavailable in one car. The computer then scans 
the inventory of the train and sends out informa- 


Figure 3—Me A. 3. кым, 
тз ‘on the left, author 


tion on the space that is available in each car of 
the train. 

If ап “INV” is received, it means the request 
as received is invalid, indicating the card has 
not been properly marked. The “INV” will be 
followed by three additional letters to indicate 
the columns in error. 

“CLOSED” means the space requested has 
been closed out and is not available for sale. 


Transmission Speed 

Both the message switching and the reservation 
systems use 100 wpm baudot code. This speed 
is most convenient, partly because it easily pro- 
duces hard copy on the teleprinter. Terminal 
‘equipment is inexpensive and easy to maintain. 
The baudot code was chosen because of resultant. 
basic economies in both the equipment and the 
computer programs. 


Transaction Time 


The theoretical execution time, from the time 
the start button is pressed until the transaction 
is complete, is 12.3 seconds. Actual execution 
time is averaging 16 seconds. The few seconds 
difference is a result of heavy peak hour traffic, 
which extends the processing time from 3.3 sec 


onds to a maximum of 6 seconds—and occa- 
sional delay in the concentrators finding idle 
lines into Data Central. 
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Output. 

The Model 32 teleprinter, as previously stated, 
prints the text of the message transmitted to the 
computer. Seconds after, the response to the 
request is printed beside it, on the same hard 
copy, аз a reply to the ticket agent or operator. 

Figure 4 illustrates a typical printout of the 
request. The transaction is explained in detail 
below it. 


For example, if а request is made for 4 seats 
оп а specific train for а particular day, between 
two points, the computer searches the inventory 
©! the complete train to find 4 seats in one car. 
If they are not available, the computer reply is: 


UN08/02/03/035 | 


TORARZ TORMTL 04 054 260 ОКО4 05403 SEPT17 257/1607 | 


Figure 4— Typical Printout of a Request and a Reply 


Explanation of Typical Printout 


REQUEST 


Toronto station set "А" requests a reservation for coach seat space from 


TOR ^ 


R z 


Toronto to Montreal for four passengers on train number 054 in any car 
04 


TORMIL 


054 


The reservation is required for September 17 


REPLY 


260 


Reservation is confirmed for four seats on train number 054 Car No. 03 for 


OK04 


05403 


September 17 The request is filed on September 14 at 12.07 Eastern Daylight 


SEPT17 
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257/1607 Saving Time. 
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New System vs The Old 


The previous reservations system for club car 
space was based on а manual card record, main- 
tained at the train’s departure point as shown 
in Figure 5. Customers at a distant city often 
waited a considerable time before а reservation 
was confirmed, since the request for space had 
to be telegraphed to the city. Space was manually 
assigned, if available, and a reply telegraphed to 
the requesting office. It was often more than a 
day before the customer was told that his reser. 
vation was confirmed. 

Coach space was formerly sold without reserva 
tion. This inevitably resulted in occasions when 
trains were overcrowded with coach passengers. 
Such situations could be alleviated by attaching 
extra cars to the train at the last moment—but 
this in turn resulted in schedule delays, and in 
extra handling costs, 

Since the system was installed the amount of 
train space stored in the computer's inventory has 
tripled, From an initial 10,000 trains per doy 


the system has expanded to the point where it 
is currently handling 25,000 to 26,000 trains 
per day. The system is actually an interim one, 
and is limited to coach and parlor car space. 
Within the next year, it is planned to include 
sleeping car reservations too—providing the 
advantages of a completely automatic system. Аз 
it is currently operating, the CN computerized 
reservation system provides several major ad 
vantages: 

1. Fast handling of reservations for distant 
cities (10-16 seconds) compared to maxi 
mum of 2 days with the old system. 

2. Centralized control: Statistics and inven 
tory in computer memory. 

3, Inexpensive input data cards—about 
$1.50/1000. 

4. Simple operation—no 
skills required. 
Capable of expansion. 
6. Uniform loading ensured—more efficient 

use of rolling stock. 


yecial operator 


Figure 5—Train Departure Point Showing Old Method of Taking Reservation 
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Western Union P.C.T. 


One of the essential requirements of the reser- 
vation system was а capability for expansion and 
adaptation to future requirements. The Western 
Union Punched Card Transmitter is particularly 
Suitable to system expansion, since it accepts 
various formats of information on its data cards. 
‘Some information may be prepunched, and new 
formats can be implemented readily by issuing 
new cards to the agent. 

Other types of inputs were investigated during 
design of the Electronic Passenger Reservation 
System—such as rotary switch, display types and 
stylus types, The Western Union #11890 Trans- 
mitter was chosen because of its versatility and 
economy. Other systems accept the standard 
Hollerith card only, whereas the Western Union 
сап accept shorter length cards—and half 
size cards reduce transmission time. 

In order to provide prompt service to customers 
at the agent's desk at the counter, or by telephone 
at Telephone Reservations Bureau, each agent's 
set must have quick access to the computer. Also, 
the computer must have a quick return path to 
the agent's set for its response. To achieve this, 
when the “START” button on the Punched Card 
Transmitter is pressed, a direct line connection 
to the computer is established. This connection 
is held until the computer response is complete; 
it is then released. 
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The major advantages of the Western Union 
Transmitter can be summarized as follows: 


1. Ease of operation—no special skills re- 


quired. 

2. Versatility: Accepts punched or pencil 
marked cards, standard Hollerith or half 
size cards. 

3. Reduced "talk time” to obtain reserva 
clearance. 


Reduced holding time. 
Simple equipment maintenance. 
Improved overall service. 


Universality—the ui 
several applications. 


зеш» 


сап be used in 


Satisfaction with the System 


Canadian National Railways finds that the ex- 
pense of installing the Electronic Passenger 
Reservation System has been more than justified 
by improvements in service, by increases in the 
average loading of all trains under reservation 
(insuring uniform loading and efficient use of 
rolling stock), and by the effect which the system 
has had on the handling of peak traffic volume. 
The combining of the reservations system in 
the same computer which із performing message 
switching functions has worked out well; the 
reservations system response time is satisfactory. 
Certain very useful developments can be made. 
The possibility exists, for example, of having the 
reservations system generate reports on train sales 
and introduce them into the message system for 
delivery. The system has the capability of ex- 
pansion to meet additional future requirements. 
The present system handles all coach and club 
car reservations. The next stage, the extension of 
the system to handle sleeping car reservations, is 
scheduled for Spring 1969. A number of refine 
ments and improvements leading to a more com: 
plete integration of reservations, ticketing and 
crowd control functions are possible. The benefits 
of this expansion will be apparent in reduced cost 
per reservation made, and in service improve- 
ments through all stages of issuance, handling 
and honoring of transportation reservations. w 
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EDIT S— 


ELECTRONIC 


DATA INFORMATION 


TECHNICAL SERVICE 


— New Management Tool for Effective Maintenance 


The maintenance of Western Union services is 
as important as their design and development. 
EDITS, (Electronic Data Information Technical 
Service), a computerized information system, is 
a new management too! designed by Western 
Union for upgrading maintenance and improving 
Western Union services. The approach to this de- 
sign was to measure the interruptions to service 
such as circuit troubles, preventative maintenance, 
installation and removal of components. 


In the EDITS system, information regarding 
chronic interruptions to service, and information 
pertinent to removal or installation of equipment, 
is received from customers at our Customer Serv: 
ice Centers, CSCs, (which also originate portions 


by R. J. Robinson 


of the system input). This system input covers 
four major record, or report categories: 

1. General Field Activities—concerning main 
tenance and originating in Customer Serv- 
ice Centers. 

2. AUTODIN Plug-in Failure Records—pertain 
ing to the maintenance of components of 
the computer and peripheral equipment 
used in AUTODIN. 

3. AUTODIN Tributary Activities—covering the 
maintenance of all tributaries to AUTODIN. 

4. GSA/ARS Activities—concerning mainte- 
nance of switching equipment for the Gen 
eral Services Administration, Advanced Вес- 
ord System, GSA/ARS and its tributaries. 


WESTERN UNION TECHNICAL REVIEW 


Customer Service Centers 

The customer Service Center is an office estab- 
lished to coordinate the maintenance service 
within its given area. Approximately sixty of these 
Customer Service Centers are planned for stra- 
tegic locations throughout the United States, of 
these thirty-two are presently operating success- 
fully. Customer Service Centers receive reports of 
trouble directly from the customer, initiate cor- 
rective action with the associated Wire and Re- 
peater Test Room ог maintenance dispatcher, and 


if 


2 


Fig. 1—Input—General Field Activity Record 


monitor each activity until the interruption is 
restored. 

The necessary data is filled in on the input 
activity record and subsequently transmitted to 
the computer in New York where a computer 
record of each customer's service is maintained. 

Each message may contain up to 150 activities. 
At the end of the reporting period the computer 
processes the information according to one of 
the software programs and then prints out a 
weekly report, for all levels of management in 
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the Technical Facilities Department. 


The General Field Activities report or the Input 
Activity Record contains 24 fields of data, as fol- 
lows: 

Field 1 


Field 2 
Field 3 


nlifies the program or type of 


report 

identifies the reporting CSC. 

identifies the starting date of the 

activity 

Field 4 & 5 —identifies the circuit, service number 

‘and drop affected (or in trouble) 

identifies the division of supervisory 
responsibility for the activity 

—identifies the type of activity or card 
Code. There are 9 types of activity 
Shown in Table 1. 

identities. the office саа) from the 
troubled location, Le., if the problem 
was a facility failure hetween New 
York and Chicago, the identification. 
"NQCQ" is entered in this fii. 

lor entry of additional information, 
when required, pertaining to the 
Same activity in another record. 

indicates, the nature of the trouble 
as reported by the customer, (See 

ble 1) 

identifies the particular unit of 
‘equipment or service in trouble, 
We, А Telex 28 ASR Set would be 
coded "122: 

identifies that part of the equipment 
failure, Le. a Code “22” indicates 
the Automatic Answer Back is 
inoperative. 

—turther defines the failure. А code 
of "M^ would indicate а mechanical 
'djustment was necessary to 
Correct the problem. 


It is evident that Fields 11, 12 and 13 provide 
precise trouble definition. 


Field 6 


Field 7 


Field в 


Field 9 


Field 12 


Field 13 


Fields 1421 —trace the time consumed ir 
‘correcting tne trouble activity, These 

time fields provide the basis for 
calculations. which determine total 
time of outage. and manpower 
utilization. For example, the 
difference between Field 14 and 15 
yields the W & R Delay time. 
талу, the difference between 
Fields 17 and 18 indicates the 
Maintainer Travel time. Prior to the 
implementation of the EDITS 
System. such data was not 
available to management for 
measuring manpower usage. 

is used for the initials of the 
Maintainer or Technician who was 
Involved in the activity. 


Fields 23 & 24—is normally used only in conjunction 
‘with an installation activity. Field 23 
Indicates the PM interval and Field 
24 indicates the PM route. This 
information is stored in the data 
base for use in scheduling 
Preventive Maintenance. 


Field 22 
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TABLE! 
Card Code Identification 
‘Code Identification 
Service Interruption (Trouble) 
Preventative Maintenance 
‘Change Order or Engineering Revision 
Overtime Usage 
Equipment or Service Installation 
Equipment or Service Discontinuance 
Equipment or Service Relocation 
Other types of activities 
‘Service Interruption (No lost time) 


оочотьоюое 


TABLE I 


Reported Trouble 
Nature of Trouble. 
Receiving Problem, Circuit 
Receiving Problem, Equipment. 
Receiving Problem, Unknown 
Sending Problem, Circuit 
| Sending Problem, Equipment. 
Sending Problem, Unknown 


ZI 


Unknown 


Data Collection 

The Customer Service Centers transmit daily 
activity records from a premarked card in message 
format, via the Western Union Telex Network, to 
the Telex Communications Service (ТСС) System 
New York. The first line of the message format 
contains а unique routing indicator which, when 
recognized by the ТСС5 System, actuates message 
routing to a magnetic tape containing a record of 
all input to the TCCS System. Upon recognition of 
the end-of-message sequence, line N+1, the TCCS 
transmits “EDITS ACCEPTED” back to the sender, 
advising him his message has been accepted and 
stored on tape. 

Each Monday evening the accumulated EDITS 
messages are stripped off the ТСС5 tapes and ап 
EDITS Journal Tape is created containing only the 
EDITS messages collected during the past week. 
The messages are stored sequentially on the tape 
as they were received. This tape becomes the in- 
put to the EDITS Collection Sort program. 
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Hardware 

The EDITS System basically comprises the Uni 
vac 418 computer and the following peripheral 
equipment configuration, as shown in Figure 3: 


1 High Speed Printer/Card Reader 
1 Magnetic Drum Storage Unit 
6 Magnetic Tape Drives 


The Univac 418 which processes all EDITS ге 
ports, is a medium scale digital computer with 
65K words of magnetic core storage. 

The Magnetic Drum Storage Unit provides mass. 
storage capacity of 262K words, and is used to 
store activity records and reference tables. 

The Magnetic Tape Drives provide the input 
medium for data base tables (updated at comple: 
tion of each general field report) as well as all ac 
cepted activity information. 

The High Speed Printer provides all report 
printouts. 


Software 


Three basic software programs are used in the 
implementation of EDITS: These are EDITS Collec 
tion Sort, Report Processing and History Search 
Programs. 


1) The EDITS Collection Sort Program, illus 
trated in Figue 4, is employed to validate the 
message format and to rework the raw material 
into а format acceptable to the Report Processing 
Program. 

Message header validation consists of checking 
the header format and the "P" digit Program 
identifier for correctness. Invalid information 
‘causes message rejection and appropriate printout 
of the High Speed Printer. 

Activity record validation consists of checking 
each activity record's "PCS" Program Identifica- 
tion—Customer Identification Number, against 
the message header's "PCS." The length of the 
activity is also checked against the prescribed 
number of characters for the specific activity. 


— 


macneric овом. 


Fig. 3—Components of EDITS System 
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т 


FROM ACTIVITY 


Res 


FLAG 
ERRORED 
ACTIVITY 
RECORDS 


ARE 
‘ATA RECORDS 
VALID 


EXTRACT 
SORT KEY 


SORT 
RECORDS. 


INTO STRINGS 


Any test that fails causes that activity record to 
be flagged for rejection by the Report Processing 
Program. 

2) The Report Processing Program requires 
that activity records be ordered according to the 
following key: 


PROGRAM, CSC, CIRCUIT NUMBER, 
DATE, TIME OUT 


This key is extracted from each activity record 
and the records sorted into strings of not more 
than 600 activity records each. Finally, the sorted 
strings of records are merged to produce a final 
output tape in proper order for report processing 

The Report Processing Program, illustrated in 
Figure 5, consists of a control segment plus addi. 
tional segments for each type of report to be pro- 
duced. Operator action is required to load the 
common segment into the computer, establish 
priority for report processing, and initiate the 
program. No further operator intervention is re 
quired. The common segment controls the proc- 
essing of each report. Reports are processed in 
sequential order as specified. 

3) History Search Program—In addition to the 
weekly EDITS reports, historical information may 
be obtained by a request for a computer search 
through activity records for specified fields 
Searchable fields, may be specified in any com. 
bination. 

It is anticipated that the Electronic Data Infor 
mation Technical Services system will be capable 
of providing a source of statistics on virtually any 
‘component in any Western Union system, 


SYSTEM OUTPUT 


Output of the General Field Report is a printout 
presented іп six sections, each of which is de 
scribed as follows: 

The accuracy of the output reports depends 
upon receiving correct data from each CSC 
Therefore, each activity record is extensively 
tested for validity. Section One tabulates all rec 
ords that do not pass these tests. An exact copy 
of the input record is printed with the field in 
error shown to the left. The "'F12" errors indicate 
the Sub-assembly code of "Ol" is not valid for 
the Unit Codes given. Іп this case, the Sub-assem- 
bly code was changed to "00- -ОЧОЕТЕВМІМЕО" 
and processing continued. If a non-correctable 
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error was encountered, such as a non-existent cir 
cuit number, the notation “F4 ERROR REJECT” 
would appear to the left of the record and the 
record rejected. 

Section Two lists all of This Week's troubles 
(Card Code |) that have exceeded а pre-deter. 
mined outage threshold, 

Section Three lists all activities involved іп two 
ог more troubles (Card Codes 1 or 9) in two 
weeks. When the criteria is met, all activities for 
the particular circuit are listed as reference in: 
formation. The "E" between the DATE and CKT 
IDENT columns for X 615 indicates there was an 
error in the input activity record. Reference to 
Section One will define the error. 

Section Four of the weekly report, shown in 
Figure 6, lists all activities that affect the state 
of the dota base. Installations, removals, and 
changes are shown, along with the associated PM 
route and interval. 

Section Five, shown in Figure 7, is a summary 
of performance and manpower utilization. It is 
presented in three parts indicating major time 
Units of manpower usage, circuit problems, and 
‘equipment problems, 

Part A compares a This Week's vs Last Week's 
use of manpower for the purpose of pointing up 
specific areas where service improvement may be 
required. Each category of activity (Card Code) is 
shown with the number of activities and total time 
(in hours) involved. Total response times are 
shown for various types of service, i.e., Govern- 
ment, Stocks, Public Message System, and Private. 
Wire Services. 

Part B gives a breakdown of This Week's vs 
Last Week's circuit troubles (Card Codes 1 or 9) 
by type of trouble, i.e., Unknown Troubles, West 
ern Union Facility Troubles, Customer Responsi- 
bility, etc. 

Part C gives a breakdown of This Week's vs 
Last Week's equipment troubles (Card Codes 1 
ог 9) by equipment category to establish per. 
centage of efficiency. The various categories of 
equipment are listed, with the total number of 
troubles and the time involved. 

Careful scrutiny of Section Five will lead to the 
development of standards for maintenance зегу- 
ices. Deviation from these standards will be 
readily noted, and corrective action in the proper 
areas will result. 

Section Six. shown in Figure 8, lists the Pre- 
ventive Maintenance schedule to be taken. 
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Advantages of System 
Among the many benefits to the Customer de- 
rived from EDITS, the following are most signifi 


1. Immediate detection of deterioration of 
service, before the customer recognizes it 
as a problem. 

2. Excessive failures and long outages are 
quickly recognized by Western Union su- 
pervisors and corrective action is quickly 
taken to ward off a reoccurrence. 

3. Automatic analysis of service difficulties is 
made possible for the first time and a more 
rapid response to these difficulties with 
corrective measures is achieved. 

4. More personalized attention to the handling 
of performance difficulties reported by the 
‘customer has been established in the CSCs. 
The appropriate technical resources of 
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Western Union are notified for prompt cor- 
rective measures. The difficulty is moni 
tored by the Custom Service Coordinator 
until the difficulty is corrected and the ac- 
tivity is closed out. 


Breakthrough in Customer Relations 

EDITS has proven to be a real breakthrough in 
customer relations. The new computerized system 
accelerates maintenance of customer equipment 
and improves WU's overall services. EDITS pro: 
vides а vastly improved service 1001 for constant 
supervision and fast action and the resulting рго- 
tection of existing revenue. It is a move toward our 
basic objective of Real Time Service Supervision. 
References: 

1—Тејех Communications Computer Service, 
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R. J. Rowinson, Assistant General Supervisor of Technical Serv 
ices in the Technical Facilities Department, is responsible for coordination, of 
projects in the maintenance Analyst Group. He has been concerned with the 
design development and coordination of software for all data reduction programs. 
He was particularly involved in the programming of an information retrieval 
system for AUTODIN. 


Mr. Robinson has been responsible for the programming of the 
EDITS system since its inception in 1966. 
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New Western Union 


Modems 


Data Set 2247 


© Synchronous Transmission at 2400 Baud 


-о 


Eight Phase Modulation 
© Double Sideband Transmission 

* No Code Restrictions 

© Full Duplex се Half Duplex Operation 


* Full Duplex 75 Baud FSK Secondary Channel (Optional) 


* Interface Connector meets EIA Standard 
RS-2328 (Oct. 65) 


* EIA RS-232 Contact Closure Interface (Optional) 
* Alternate Voice/Data or Data-Only Operation 


© Compatible with W.U. Automatic Answering 
Unt 11774-A 


* Compatible with М.М. Automatic Calling Unit 12405-A 
* Fixed (Compromise) Equalizer which may be required. 
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Two new modems have been introduced by 
Western Union which employ new advancements 
in transmission technology. 

Data Set 2247 permits 2400 bps transmission 
over dedicated voice grade circuits and on Broad- 
band Exchange Service (BEX). 

Data Set 2481 allows 4800 bps transmission on 
conditioned dedicated or circuit switched networks 
such as BEX, 


Data Set 2481 


* ‘Synchronous Transmission at 4800 Baud 


ди Phase Modulation 
= Double Sideband Transmission 

м No Code Restrictions. 

* Full Duplex or Half Duplex Operation 


* Interface Connector meets EIA Standard RS-232-8 
(Oct. 65) or MIL Std. 188-8 


© Alternate Voice/Data or Data-Only Opera 


e Compatible with W.U. Automatic Answering Unit 
TIA 


© Compatible with W.U. Automatic Calling Unit 12405-A 


© Adjustable Equalizer and Delay Indicator for Operation 
over W.U. Class G (Telco 3002) Voice-Grade Channels 
with Type C2 Conditioning. 


© All Solid State Circuitry 
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Patents Recently Issued 


to 


Western Union 


Inventor 


G. H. Ridings and 
D. M. Zabriskie 


J. J. Krakusky 


John Elich and 
F. J. Masciandaro 


Harry C.Likel 


John H. Hackenberg and 
Garvice H. Ridings 


John Elich and 
John Joseph McManus 


Francis R. Firth 
Oscar W. Swenson 


John L, McMahon 


Ethan Aronoff 
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Patent No. 
3,296,622 


3,301,954 
3,304,367 


3,304,500 


3,313,884 


3,319,150 


3,330,905 
3,333,569 


3,341,192 


3,355,663 


Title 

Sheet Holding and Releasing As- 
sembly For Facsimile Scanner 
Drum 

Blank Deleter 

Regenerative Repeater 

FSK System Including Means For 
Distributing Data Pulses Into Two 
Channels To Modulate Two Sep- 
arate Carrier Frequencies 


Receiver Synchronized And Con- 
trolled Facsimile System 


Solid State Regulated Power Sup- 
ply 


Telegraph Polar Adapter 
Metering Ribbon Inker 


Automatic Sheet Transport Means 
for Message Scanning Apparatus 


Waveguide Echo Measurement 
System 
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WESTERN UNION TELEX 
MARKS ITS 
10th ANNIVERSARY 


Western Union Telex marks its 10th anniversary, on May 21 with rer- 


enues that have increased from $33,000 in 1958 to more than $37 million a 


year now, in 1968 and a record total of 25,000 Telex subscribers. 


In 1958, Telex connected users in New York City only to those in Canada. 


Today, а subscriber to this steadily expanding service can exchange writ- 


ten communications and data with all oth 


Telex users in the U.S., Canada, 


Mexico and, through facilities of the international carriers, with more than 


35,000 Telex users throughout the world. 


In addition to the continuing rapid expansion of the number of Teler 


subseribers, the growth of Telex revenues has bee 


expanded by the new 


Telex Computer Communications Services, known as TCCS. A subscriber 


simply dials a Western Union computer to obtain these automatic services, 


which contribute to the conv 


rience and versatility of the system. For ex- 
ample, through TCCS subscribers can send messages to customers of the 
iee—TWX. 


Bell System's Teletypewriter Exchange Seri 


Another TCC 


the same identical message sent to a number of addressees automatically 


is а multiple-address service, whereby the user can have 


by computer. This frees the sender from having to transmit each message 


separately. 


All Telex subscribers can now send messages through their Teler ma- 
chines to non-subscribers in this country and around the world through the 
connecting overseas carriers, In effect, а Telex machine puts the world at 


the subseriber’s finger tips. 


